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ABSTRACT

The hydrodynamic problem of the rotating disc electrode Is

approximated using the weighted residual technique of orthogonal

collocation. Results are given for a potential step applied to

the electrode where simple reversible charge transfer to a single

species takes place.
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Analytical solutions for the current at rotating disc the z axis.

eloctride• (RDE) (Figure 1) are knowm for only the Simplest , In the assvption of an ideal hydrghaoic model. there is no

electrochemical reaction mchanisms or electrical I change in concentration in the 6 direction. Also. we assume that

perturbations. Orthogonal collocation solution techniques. like V
2 

is independent Of r. which ieplie a .niforu flow. lb can

finite difference approaches, give a single mathematical method thus approximate 6c/fr - 0 over the whole electrode when the

for approximating virtually all electrochemical responses and radius of the electrode is small With respect to the sheath.

mechanisms. the WE is described by a partial differential The assumptions reduce the differential equation to the

equation containing square distance terms. It is shown that such forms

non-iear4ity Presents no Special problems in the approximation

technique. The results for the ROE are available from changing ! - D _ V. D_&c 121

only 2 program steps in the general program solving a simple at 4z
2  

as

electron transfer mechanism at a stationary planar electrode. The velocity term V, has been given by tavitch (1) and is a

function of the kinematic viscosity v and the rotation velocity
DIMENSIONAL NMALySI1S
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The general differential equation describing mass transport

to a rotating disc electrode is given by V. -0.51 w
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where the c, are the concentrations of electroactive species. t at &a2 63

is the time. 3 s the distance coordinate normal to the electrode

surface, D, are the diffusion coefficient, r is the distance

choose as the distence coordinate
coordinate parallel to the electrode surface, the V1 are velocity

components of the fluid, and 6 is the rotation coordinate about ISI

a l where Lis a distance along the 2 asis where, during the tie
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frame of the experiment. no diffusion effects are present. We when a potential step is applied which drives the surface

choose the time coordinate as concentration of the electroactive species to taro.

T . -- (61 C*(O,) 0 CI.?I - a

LZ c(Z,O) - 1 1121

and a dimensionless constant

It has been shown that the weighted residual imthod of

IL
3  

I1 orthogonal collocation can furnish accurate solutions to

D differential equations (2-4) at certain distance points in

Concentration is made dimensionless by dividing by the bulk solution. The points correspond to the toots or zero@

concentration cbh (collocation points) of orthogonal shifted Jacobi polynomials.

VISCRETIZATION Or THE DItFEIVITIAL EOUATION
c .-- 181

c 
b  

he I differentials are discretised in terms of collocation

Substitution of ISJ. 161. and 191 into the differential coefficients Ml:

equation 121 yields: dc*j .1 c(1
1
.T) 1131

___ - 11dZ- Z
1 

" *-l
A i

€(I,)1
bc bk .. " DC b 62c RL 222cb sc* dz91J!

LI IT L 2 &Z L G and

or .. . .dr2.I~i M* o( l *4,j..) 1141
dI 2 I . 1

10 1 2c' RL' 12 Ic 101

IT 2 2 D 42 where ZI are the roots of the Jacobi polynomial of order N

chosen, and the Aij and BiS are elements of matrices given in

B- .
2
c" il2 ! 1111 term Of the Ii only,

We consider the transient current at the rotating electrode X - idl ) 1151
d

I

b C



dc B 0T * BN c 11,T) 1 9,B c IS ,t;

!d2
2 116 d Z | - ].2

- i-~i

dZ
2

i r 1

12 1 l I171 OZ? 1A1  c 10.T) * A i I.?) * 2 A i] Z, .1j 1201

The values of each of these matrix elements are easily

calculated by matrix multiplication and inverse matrix routines 
to yield

(such as those based on Gauss-Jordan elimination) (4). *Nl
c . B * + CZ.M -

Substitution of the discretized differentials into Ill) dT 2

yields;

dc' - i (Z,.T) - .zN , Ni 14 l * 111M 1211

dT I Z, 1 I Aij C Z3 TI 1181 .2

ThuS the concentration profiles as a function of time are
We have now N*2 equations (Z-0 and %-I plus the W centrsl roots)Thgt-cne rainpo lsasafcinof im *

in N.2 unknown c*(ZjT). The dimension is reduced by two. and readily and efficiently generated by Integrating the N sets Of

the problem specified to final form by introducing into 1181 the first order differential equation t211. One may use available

subroutines from software libraries such as INSL or SSP. or mote
Inoim boundary conditions

specialized programs taking the stiff:te of the differential

c*(Otl 0 
equations into account 12.4).

1191 As hs been shown previously, more complicated mechanisms

c*ll.I I 
may be readily incorporated into the equations (3.4) as well as a

variety of electiocheeical techniques, electrode geometries

which are -he first and last terms of each summationi (S-8), and edge effect considerations 49.10).

RDE CURRENT

Current to the ROE is given by the flux at the urtface;
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Introducing the dimensionless time variable N Into(zal weI - nrAD 6--' f 221

42 2-O find the current is proportional to

or In terms of the dimensionless concentration 181 Ind distance o
t 1 r epl-3.1b 

2 
a2/3T) 1201

|51 * m-I

b3 so that the ratio of the current* -"A--
b
(' 1231

L iZ 2-0 calculated from equation 1253 to the expressiom 1281 shOuld be

constant. Results for a given set of parameters are given In

or

Table 1. lt is seen that for onyj six collocation points. the

.np
2
/ cb K 1/3 ic) 1241 current values are accurate to O.05t. This value oy be further

0 1/3 62 2-6 decreased by forcing higher accuracy in the integrationa (2) or

increasing the number of collocation points, although ton points
which is given lmediately during the simulation at each time

do not exhibit significant improvement over nine. The maximum

point by
relative error decrease using ten instead of nine collocation

b4H points is 0.0078.

- nFAD2/l cb/ 
- I / 3  

A + I A c(Z, ,T 1251I t AI N42
1.2 j The results for the rotating ring disc electrode are being

since the term in brackets is the dimensionless flus in eqw ion and "Ill be the *ubject of a forthcoming publication.

1241 at 2-0 by equation !,1s3. ACXNMILEDGCNIMNTS

e can compete our result to a series solution () which

states that the time dependent current is proportional to Part of this work was supported by a grant fom the Office

of Naval Research. The authors also thank the oepartment of

22 22 Chemistry at the University of Alberta for additional support.
1 .1 2 1261
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T Simulat ed lux

10-" 0. NO
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- 4  

0.7702

10-
3  0.7700

I0
-
2 0.7700
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1O
°  

0.7704

Table 1. Riatio of Simulated flux to analytical

current-tme function (ef. 11) Beta - 10
"1.

For typical rotation speeds (10GO "), 'PSET

vlacoitlea. and diffusion coefficients, the

real total time simulated In the table 4s
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